Energy consumption increases with intensity of human activities. People consume energy for movement and other activities and the more fossil-fuel based energy used, the more carbon dioxide (CO2) emission. Since carbon dioxide is the major element of the greenhouse gases (GHG), this phenomenon has a serious implication for global warming and consequent climate change-a scenario that calls for sustainable development. This research considers the emission of CO2 from energy use within the campus of Universiti Teknologi Malaysia. Two major sources of energy consumption were identified, namely: electricity and transport. The emission for electricity was estimated based on electricity meter reading and the conversion rate in accordance with the standardized conversion factors for fuel mix of the purchased electric energy as given by PTM (Pusat Tenaga Malaysia), while the associated CO2 emission for transport was estimated based on the number of miles driven (VMT-Vehicle Miles Travel) within the campus, emissions produced per litre of gasoline, and fuel economy of vehicles plying the campus in line with the Code of Federal Regulations USEPA and consistent with the Inter-governmental Panel on Climate Change (IPCC) guidelines. It was observed that high CO2 emission resulted from electricity energy consumption, and the highest emission in the transport sector was produced by commuting vehicles while emission from service delivery for cooling, lighting and other equipment was similar to national average.
Introduction
Emission of carbon dioxide continues to increase as energy consumptions grow, partly due to the age-long human habit of burning and the current technological practices that favor the use of fossil fuels as major sources of energy. The amount of carbon produced by the earth in the atmosphere has been of concern in recent time and the realization of low carbon emission will require an understanding of the source, type and quantity of energy use and the extent of emission from such sources. This involves the measurement and determination of extent of emission from the intensity of use. Generally, sustainability includes focusing on raising awareness to improve the overall image as well as bolstering the environmental prestige by encouraging the participation in the development of the strategies or policies for sustainable development, and also by providing incentives to influence and motivate people and institutions to be more active and focused. The assessment of energy sustainability through the emission of carbon dioxide is a key step for university campus sustainability.
Human activity and practices require energy for lighting, cooling and other domestic purposes as well as for movements and manufacturing and to sustain life. However, some sources of energy usually place stress on the environment and result in the emissions of carbon dioxide and other greenhouse gases (GHG). Most carbon emission is as a result of combustion from fossil fuel based energy use. Therefore, the more energy is consumed, the more stress is placed on the environment [1] . This is usually in the form of greenhouse gas emission which impacts negatively on the global environment. The continuous emission of CO 2 into the atmosphere owing to global energy consumption has irreversible effects mostly catastrophic to Earth's global system and requiring attention in the form of low carbon development.
Low carbon development entails safeguarding the environment without slowing down socioeconomic development; this will require technological solutions, to keep pace with the rate of economic growth and to change current unsustainable patterns of consumption and production, in the society. It is essential that every country voluntarily takes part in dealing with the global environmental problem [2] by establishing leadership in both thought and action, to direct sustainability as well as show willingness to define and adopt quantitative sustainability goals specifically on energy to enable more responsibility in operations. This can also be helpful in providing the best options aimed at achieving the goals of energy sustainability in the university campus.
The problem of carbon emission is more pronounced specifically in universities with large population and large spatial size, whose design requires the use of automobile to travel from one place to another within the campus. Similarly, the teaching and learning service delivery, as well as the residential and administrative activities also involves high energy demand for lighting, cooling, and running appliances, while, the movement of vehicles within the campus consumes high amount of fossil fuel energy, whose consumption also results in the emission of carbon dioxide.
Similarly, the electricity consumption in operating machines and transportation fuels of the university campuses, results in high emission of carbon dioxide [3] , having serious implication on environmental quality. Also the products of direct and indirect activities such as classrooms, laboratories, offices and the consumption of food and drinks generate negative environmental impacts [4] . The combine activities of the global university population constitute significant energy use; hence, universities offer great potential for sustainability globally [5] . Therefore, focusing on achieving reduction of carbon emission from energy use in university campuses by encouraging low carbon emission through the involvement of the universities and achieving energy sustainability within the campus by the reduction of carbon dioxide emission may benefit global energy sustainability and remedy the current problems of global warming.
The operational approaches to meet sustainability goals in the universities are diverse and the practices are very broad and include improved environmental performances that may not necessarily be equivalent to sustainability. Sustainability is linked with setting quantitative targets in areas such as energy use, water use, use of land, purchases of product and emissions to air, water and land and achieving sustainability in the university is a process of setting goals to determine the extent of the aspects of the university required to be sustained [6] .
Therefore, sustainability in university campus infers adopting intellectually defendable target for meeting the transition to sustainability and then developing the approaches and time scale designed to reach the target [7] . Also, focusing on the assessment procedure of sustainability where quantitative or qualitative value measures of the paradigm are developed for particular situations will assist to meet legitimate sustainability targets especially in the universities and colleges.
Hence, each university must determine its goals for itself. This infers taking inventories and setting targets and finally planning the program of implementation of the actions necessary to achieve the targets and then re-peating the process all over. However, sustainability may not be easy to achieve in a quantitative manner unless it measures a criteria that is common among universities.
The ability to measure the extent, levels and impact of energy consumption in campuses will facilitate uniformity of practice of sustainability approach through common factors. This will limit global warming and reduce threat to global environment as well as enable the sharing of experience among the university campuses. However, it is necessary to determine the existing levels of emission in order to apply suitable strategies and mitigation measures to stop or reduce the use of the stuff that creates greenhouse gases.
Planning and implementation of policies to reduce carbon emission should be locally decided through the determination and measurement of emission sources because global warming impacts are better decided locally. Therefore, the inventory of carbon dioxide from transport and electricity focuses on energy consumption within UTM. Using the Malaysian University Campus Emission Tool (MUCET), the emissions are reported in percentages of metric tons of carbon dioxide (tCO 2 ) equivalent towards creating carbon reduction program to achieve more energy sustainable university campus. This will provide an understanding of the pattern and quantity of carbon dioxide emission within the campus, so that the university authority can plan emission reduction based on informed decisions.
Importance of Energy Sustainability in University Campus
Energy connects everything to everything else more universally and more quantifiably than any element [8] . It is evident today that carbon emission from fossil fuel based energy consumption is a common global sustainability issue, [9] - [11] . Energy is central to sustainability and there cannot be sustainable university development without sustainable energy development [12] , therefore, energy sustainability in university sustainability drive is of great benefit to ameliorating global warming.
Colleges and universities have been at the forefront in addressing sustainability and global warming issues through innovative energy use, energy conservation practices and clean power technologies [13] . The American College and University Presidents' Climate Commitment (ACUPCC) is making effort to achieve sustainability among universities, through an initiative challenging institutions to quantify, reduce and ultimately eliminate their greenhouse gas emissions.
Similarly, other universities are grouping together to form partnerships to pursue the goals of sustainability. For instance the New Jersey (USA) Higher Education Partnership for Sustainability-(NJHEPS) in 2008, is also committed to reducing the greenhouse gas emissions and promoting positive changes in the environment of member universities.
In view of the benefits and importance of energy sustainability to human development and economic growth, the trends in university campus sustainability show the absence of consensus and lack universal direction regarding the approach and the development of sustainability in the sector.
It is evident that sustainability in the university campus presents a confusing scenario in terms of direction and universality. This is because the concept of sustainability presents diverging interpretations [14] . Researches in campus sustainability show concern for environmental issues along sustainable transportation in the university communities [15] - [17] , as well as sustainability in waste management programs [18] , while innovations in the green design movement including GIS-based evaluation of greenery [19] , greening campus restaurant [20] and greenway corridor [21] , green transport, green buildings, and green energy among others appear to be the trend. The assessment of the carbon dioxide emissions associated with on-campus electrical, natural gas and oil consumption is more common in the university in recent times [22] .
In view of the benefits and importance of energy sustainability to human development, the trends in university campus sustainability show the absence of consensus and lack universal direction regarding the approach and the development of sustainability in the sector. It is evident that sustainability in the university campus presents a confusing scenario in terms of direction and universality.
The knowledge and quantification of energy indicators is important in the analysis and planning towards achieving sustainable energy development [23] , as this will enable systematic monitoring of progress made towards the implementation of energy-related targets so as to reduce emission of carbon from energy source and attain effective management of the energy resources in the university campus. Finally, policies on achieving low carbon emission in university campus through implementation of climate action plan [24] are more common today.
As a way to establish the quantities of carbon emission and set targets to mitigate the condition, attempts are made to develop the indices with which campus sustainability could be measured; example is the assessment of carbon dioxide emissions associated with on-campus electrical, natural gas and oil consumption [22] . More universities are developing carbon emission inventories [25] - [29] .
The rationale for the investigation of the sources and nature of emission from energy use in UTM is in line with the energy consumption pattern as shown in Figure 1 , where primary energy is utilized in the form of final energy for various activities, in buildings and for movements. There is evidence of high carbon emission related to energy use in universities. It is necessary therefore to create the awareness among Malaysian universities on the need for carbon reduction strategies to mitigate global warming potentials of the university. The research therefore examine sustainability policies and energy consumption of UTM and the types and sources of energy used on campus to support university core activities such as Teaching and Learning, Administration and support services, ICT, Hostels and movements within the campus of UTM as well as the carbon emission from such energy consumption.
Sustainability Policies and Energy Consumption of Universiti Teknologi Malaysia (UTM)
The existing campus sustainability practice in Universiti Teknologi Malaysia (UTM) include policies defined across three major aspects and policy areas, namely, the socio-cultural policy, economic policy and eco-system policy of the university. The socio cultural dimensions consists of two main objectives which is to develop open society with openness and reduce barrier, as well as to develop civil society, through respect high integrity and ethical values so as to promote community spirit that is responsive to local and global context through harmonious and conducive environment. The economic policy of UTM's campus sustainability aim to achieve cost effectiveness by adopting green building and infrastructure design, promote economic viability, optimization of university assets and to achieve efficiency in operational management of resources and facilities as well as to ensure the smooth implementation of the policies. The eco-system Policy of the UTM focuses on the implementation of low carbon campus initiatives which aim to enhance campus lifestyle through the reduction of energy and water consumption and also to reduce Pollution.
UTM is a pioneer university of technology located within the Iskandar region south of Malaysia. It has a total of 12 faculties and occupies a total area of about 1157 hectares of built up land as well as green area. The gross built up area of UTM is about 813352.21 meter square, consisting of the Zones of Academic Faculty (30%), students Hostels (56%), Administrative and support services (9%) and ICT Facilities area (5%).
The university consists mostly of high rise buildings and structures, fitted with elevators that run for 24 hours, thereby consuming enormous quantity of electricity to run and operate various appliances for its specialized and educational service delivery, specifically teaching and learning activity and for the lighting and cooling, running of laboratory and office equipment for administrative as well as ICT purposes among others. This generates substantial amount of carbon emission from electricity use as well as from the combustion of fuel for internal vehicular movements of the shuttle buses, the university vehicular fleet and the commuting staff and students' vehicles. Figure 2 is a flow chart of energy pattern of the university, and a representation of the energy consumption pattern in most university campuses, upon which the study is focused.
The study of energy practices in Universiti Teknologi Malaysia is a current planning issue that identifies about 55,317,730 KwHr as total annual electricity consumption, responsible for 70% of the total carbon emission in the campus. Therefore assessing the impact of university operations [10] on the climate and the initiatives of setting targets to reduce emission of CO 2 in the university is a measure of campus sustainability [6] and a step towards reducing contribution of the university campus to global warming-an initiatives directed towards global sustainability.
Design Methodology and Approach
Data on electric energy consumption for domestic purpose were collected to identify the sectors with greater emission within the campus. The annual greenhouse gas emissions associated with vehicles were calculated based the number of miles driven (VMT) within the campus, fuel economy of vehicles, the carbon dioxide (CO 2 ) emissions produced per litre of gasoline, in line with the Code of Federal Regulations USEPA and consistent with the Inter-governmental Panel on Climate Change (IPCC) guidelines. The associated carbon dioxide emission of the total annual consumption of on-campus electrical energy use and the total amount of fuel consumption within the campus based on types of vehicles plying the campus was estimated and calculated using the Malaysian University Campus Emission Tool (MUCET).
The study of carbon emission is specialized and relates to activities that involve combustion of fossil fuel either in the form of liquid energy or generated electricity. For the purpose of accounting for carbon dioxide emission in UTM, the Malaysian University Carbon Emission Tool (MUCET) was employed to determine carbon emission from the university operations. The tool offer opportunity for the determination of the extent of emission and sectors of high emission, which could assist decision making towards reducing carbon emissions and creating energy sustainable campus.
MUCET calculated and provided information on the carbon emission from specific energy use sub systems of the university campus based on the conversion rate in accordance with the Pusat Tenaga Malaysia (PTM), standardized conversion factors for fuel mix for the purchased electricity, while the US Environmental Protection Agency (EPA) accepted method of calculating estimates for the annual GHG emissions associated with vehicle emissions in line with the IPCC standard was used to determine the emission from vehicles transport use within the campus. The tool was tailored towards university campus energy consumption patterns and relied on the structure of the university's service delivery pattern according to the structure of the university's energy flow (Figure 2) . MUCET is also directed towards the determination of unit and total CO 2 emissions of the campus aggregate input of energy use.
Since the rationale is to determine the extent and intensity of carbon emission, this study concentrated on two main sources of fossil fuel based energy identified within the campus, which is electricity and transport energy use. The data mainly involved: 1) Emissions from electricity based on combustion of fossil fuels for electricity and the fuel mix of external electricity generation (purchased electricity) of university campus;
2) Emissions from energy use in transportation (i.e. fuel combustion from vehicular movements of goods and services within the campus).
The study considers a total of five categories of energy service demand sectors namely; energy use for activities of the teaching and learning services, the residential accommodation, administrative and support services, the Information and communication technology and the transport sectors. The carbon emissions were assessed based on energy consumption pattern of the university, and the electricity and transport consumption for the university were categorized as follows: Consumption for all the faculties of the university (i.e. teaching and learning sector): 1) Consumption for students hostels (residential accommodation); 2) Consumption for central administration and support services; and 3) Consumption for Information Communication Technology (ICT). While the data on transport was classified as the CO 2 emission from: 1) Fuel consumption of commuting staff and students vehicles; 2) Fuel consumption by on-campus shuttle buses; 3) Fuel consumption for university vehicle fleet. For the purpose of this research, six (6) indicators responsible for carbon emission in the university were identified from the literature [30] [31] . Based on these indicators, the method used in this study affirms emissions estimates and allows policy prescriptions to reduce CO 2 emissions in the university campus for the future. The indicators are given below as energy use for: 1) Lighting, cooling/space comfort and appliances; 2) Various service demands; 3) ICT and other operations; 4) University shuttle bus; 5) University vehicle fleet; 6) Internal circulation or commuting staff and students vehicles. Based on these indicators, total emission for energy use [12] is computed as: Therefore, the study relies on secondary data based electricity meter readings from Assets and Facilities department of UTM and also on data for fuel consumption of the university shuttle buses and the university vehicle fleet that were obtained from the transport section of the university as well as the fuel consumption for commuting staff and students vehicles, estimated based on average round trip derived from personal interview of staff, students and faculty members.
The data on electricity consumption in UTM was based on 100% survey of total electricity consumption for the year 2011. This was obtained from the recordings of the meter installations at the respective buildings. Twelve (12) academic faculties of UTM were observed and the Annual Area Energy Use Index (AEUI) expressed as kW•h/m 2 [32] was presented as total for teaching and learning sector. Population size and energy efficiency are among important factors that affect carbon emission [33] , based on the emission pattern for the university buildings, Table 1 presents the units of population and activity space to enable the measurement of energy intensity and efficiency of energy use and to demonstrate electricity consumption per gross area. While carbon emissions are reported in metric tons of carbon dioxide (tCO 2 ) equivalent from the conversion of kilowatt hour kWh of electricity and litres of fuel into CO 2 equivalent using the EPA standards based on IPCC guidelines [34] and on fuel mix of electricity for Malaysia Peninsula [35] .
Finally, the carbon dioxide of each alternative sector was estimated by entering observed values of fuel and electricity in the baseline of the prototype calculator (MUCET), creating a measure of carbon dioxide emission for each of the sectors which allows a comparison of emission from all the sectors in order to assist university authority in making informed decision. Therefore, savings from the impact of the strategies of campus goal in terms of target setting or alternative policies can be established as percentage reductions of CO 2 in sectors or the percentage of reduction from total campus emission.
Result and Findings
The measurement of the carbon emission from energy related sources in the campus is a potential to model transition to a low-carbon future and to facilitate the practice of energy sustainability in a manner easier to understand by university administration so as to set target and guidelines to achieve energy sustainability.
In this regard, it is essential to understand the characteristics of the study area. The basic characteristics of UTM based on the indicators of carbon emission from the university energy consumption are divided into three; basic data, energy consumption and computed findings. This study found that the UTM's activities resulted in approximately 46,000 million tons of carbon dioxide (MtCO 2 ) emissions annually. A total emission of 34,119 MtCO 2 was estimated from the consumption of 49,882,746 kWh of electricity in the buildings ( Table 1) . In summary emission per person is given as 1.89 MtCO 2 , and 56.5 KtCO 2 per unit square meter for the gross built up area. These values could be useful in setting targets for emission reduction.
Electricity Energy accounted for the largest component of UTM's carbon emission, at roughly 74%. Transportation makes up the second-largest component of CO 2 emission with a total of 11,872 MtCO 2 , accounting for 26% of UTM's total annual carbon emission. UTM is largely known as a commuter campus with total commuting vehicles of about 14,540 vehicles plying the campus daily, and annual fuel consumption of 48,707 and 2,591,711 litres of diesel and petrol engine vehicles respectively ( Table 2) . Most of this is due to fuel consumption from staff and students commuting to school by means of private vehicles, which accounts for 75% of the transport emission (Figure 3) . A relatively small proportion (approximately 14%) of the students and staff live in residences within the campus. Majority of the commuting vehicles are private cars (77%) and about 62% of the commuting cars are owned by faculty members and staff of the university, while 38% belong to students, visitors and private individuals operating some businesses within the campus.
The study also observed that teaching and learning activities and hostel accommodations consumed 43% and 30% of the total university electricity energy use respectively; while Central Administration and Support Services consume about 14% and the ICT consumes 13% of the total electricity supply. The teaching and learning faculties have annual carbon dioxide emission of 14,448 MtCO 2 and 10,197 MtCO 2 for the residential hostels ( Table 3 ). The two sectors have a combined emission of 73%, or about three quarters (3/4) of the total emission of the university from electricity energy use as shown in Figure 4 . Furthermore, the reason for relatively low consumption of electricity for the administrative and support activity is that the sector is operational for maximum periods of 9 -10 hours per working day. The ICT facilities include the computer centre; the library and also the Information Technology (IT) support services for the teaching and learning as well as Central Administrative activities. It has an emission of 13% of the electricity CO 2 emissions (Figure 4 ) and 10% of total carbon emission of the entire service sectors as presented in Table 3 . This is large in view of its physical size of 5% of the total built up area. The high annual energy use index (AEUI) and carbon emission for ICT sector could be as a result of the electricity consumption for the population served, for instance, the library entertains about 1,083,677 visitors annually and emit about 4 kg of CO 2 per visitors. Similarly, the computer centre (CICT) serves the entire university population, supports all university activities and is continuously operational for 24 hours of 7 days, hence, the high emission intensity.
The carbon dioxide emission of electric energy use based on demand for the cooling, lighting and other electrical appliances is as given in Figure 5 . The total carbon emission for all the categories of electricity energy consumption is about 34,036 MtCO 2 . The total electricity demand for cooling or air-conditioning is 24,711 MWh (Megawatt hour) with CO 2 emission of 16,907 MtCO 2 and about 50% of the total emission from the university electric energy consumption. The emission for lighting purpose is about 16% while equipment and other appliances is 34% of the total. This figure compare favorably with the national averages as shown in Figure 5 , and indicates strong similarity between UTM and National emission for these categories of uses.
The percentages of emissions from service demand sectors are presented in Figure 6 . The Teaching and Learning Faculty tops the list with 31%, followed by the transport sector with 26% of total campus emission. The students hostel accommodation has about 22% of the emission, while central administration and support services has 11% and the ICT sectors emits 10% of the total electricity emission.
Carbon emission is proportional to energy demand, therefore, the emission from service demand sectors offer the opportunity to plan the reduction of carbon emission based on service demand sectors. By this, it will be possible to view percentage emission and determine the high energy demand sectors/high emission sectors on campus which can be targeted by carbon reduction strategies towards realizing low carbon emission.
The knowledge of the sources and extent of carbon emission will facilitate the reduction of the university's contribution to global warming as a means of promoting sustainability and will enable administrators and university leaders to understand, quantify, and manage the emissions as well as make informed decisions towards reducing the global warming impact of the campus through CO 2 emissions reduction.
Conclusions
Planning energy sustainability should be a continuous process that can be practiced through the adoption of a goal, research analysis, planning and effectuation of policies. Achieving low carbon and sustainable university campus requires the enshrinement of policy in the form of statements, strategies and plans to direct the physical operations of the university through education, research and practices that can be evaluated by a control system that would ensure optimization of energy use. However, the measures put in place to ensure implementation are equally important and capable of facilitating change in many institutions. Intensifying efforts to reduce the universities' contribution of greenhouse gases (GHG) through inventory of carbon emission and an assessment tool that is easier to use as well as the search for alternative energy sources would enhance the achievement of energy sustainability. The ability to measure the extent and levels of energy use in the campus will facilitate uniformity of sustainability approach where common factors among universities are observed, i.e., energy use. Therefore, for the purpose of achieving more sustainable environment, it is desirable to practice sustainability through effective measurement of CO 2 emission from energy consumption. Sustainability could be more popular among universities, by creating a consensus approach and encouraging collaboration and partnership among universities as well as the establishment of effective implementation and monitoring process of energy sustainability among the university campuses. This could limit global warming and reduce threat to global environment as well as enable the sharing of experience among the university campuses.
However, it is necessary to determine the existing levels of emission in order to apply suitable strategies and mitigation measures. For instance, strategies to stop the use of the stuff that creates greenhouse gases as much as possible as well as other measures of behavioral change such as turning off lights when not in use as well as using the fan instead of an air conditioner on a warm day could save energy in campuses and assist to achieve energy sustainability. Similarly, commitment towards exploring alternative, environmentally friendly forms of energy generation and reduced reliance on imported energy generation and also encouraging on-campus environmentally-friendly electric energy generation can enhance carbon emission reductions.
Furthermore, emission from electricity could be reduced by using more electricity efficient facilities and changing consumption behavior, while the on-campus transport emission could be improved with the adoption of policies for better on-campus transportation facilities and options. Similarly, encouraging the use of more environmentally-friendly forms of transportation as well as the use of Cleaner-burning, renewable fuels, such as biodiesel and encouraging cycling will also achieve low carbon emission in the campus.
Reducing the aggregate emission of universities worldwide is a pathway to achieving the objective of Greenpeace International of holding temperature rise to below 2 degrees Celsius [36] . Therefore, completing an assessment of energy use to determine university's contribution to global warming and conducting surveys of energy consumption within the campus is ideal for the achievement of energy sustainability. Also working with administrators and staff to implement recommendations for low carbon emission is critical to realizing low carbon emission and making improvements in university campus.
Finally, providing an energy impact assessment for the administration and developing carbon saving action plans that cut across energy, transport, buildings, housing, waste, and other issues in the university campus will ensure that rapid development occurs in an environmentally responsible and sensitive manner. However, clear responsibilities for actions of universities to set targets to reduce global CO 2 emissions to below 4Gt/a in 2050 could be achieved through outlined strategies developed to assist reduction of MtCO 2 in the priority areas of the university campuses.
